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3,094,299 
AUTOPILOT 

‘Robert W.‘ Bond, Whittier, John H. Ladd, Downey, Roy 
L. Roberts, .lr., Fullerton, George R. Keller, Whittier, 
and Harold G. Mal-key, San Jose, Calif, ass‘iguors to 
North American Aviation, Inc. 

Filed Aug. 28, 1958, Ser. No. 757,852 
20 Claims. ((31. 2444-77) 

This invention relates to the control of ‘aircraft and par 
ticularly concerns an autopilot ‘for ‘controlling an 
aircraft throughout any or all portions of a complete 
?ight program from ~take~oif to landing and including 
climb, cruise, maneuvers and descent. 

In the development of aircraft and in particular the 
development of high speed unmanned aircraft, a period 
of test ?ights is required for determination of the opti 
mum characteristics of a ?nal design. In addition, ‘test 
?ights [of the operational aircraft are required in order 
to further improve reliability of ‘the aircraft and test its 
mission capabilities. For these test ?ights and for the 
operational ?ights themselves it is necessary to control 
the aircraft throughout a large number of widely varying 
?ight programs and individually different phases thereof. 
Thus, an aircraft autopilot may be required for each of 
a number of different ?ight programs. However, it is 
‘desirable during the development and testing of such an 
aircraft that the autopilot itself be subjected to the simi 
lar developmental analysis and testing as utilized in con 
junction with the particular aircraft. For this reason it 
is desirable to provide in a single autopilot all of the 
necessary control functions which may at one time or an 
other be required for control of the aircraft throughout 
developmental test ?ights, operational test ?ights and the 
operational ?ights themselves. 

Accordingly, it is an object of this invention to provide 
an autopilot for complete control of an aircraft during 
all phases of any or all of a number of different types of 
flight programs. 
The autopilot of this invention is designed for ?exi 

bility of use in its application to various aircraft test 
?ights and operational ?ights. Flexibility of control 
from either the remote pilot, ground radar and computer, 
or an autohavigator is also provided. For ?exibility of 
application to different ?ight programs and the different 
phases thereof, there are provided appropriate control 
modes to accomplish automatic take-off, climb, various 
conditions of cruise and other maneuvers, descent, auto 
inatic landing and ground steering. For ?exibility 'of 
control ‘of the autopilot, the autopilot contains as its 
nucleus a simpler autopilot system which is adapted for 
use in conjunction with external radio control or control 
from an internal autonavigator to achieve complete guid 
ance and control of a strategic or tactical operational air 
craft. 

In order to obtain a high degree of reliability, simple 
basic modes of both lateral and longitudinal ‘control are 
included in the autopilot to facilitate manual control of 
the aircraft. The manual control modes are arranged to 
be separable from the automatic control modes. Conse 
quently, if the pilot controlling from a remote point, such 
as 1a chase plane or ground station, prefers to retain 
direct control of the aircraft or, in the case of malfunction 
of an automatic mode, the manual modes are available. 
It is to be noted that the manual modes in the disclosed 
embodiment do not revert to “stick and pedal" control 
but are speci?cally pitch angle and ‘bank angle control. 

In accordance with a disclosed embodiment of the in-‘ 
vention, the autopilot is arranged to provide as its basic 
function the dynamic stabilization and reduction of effects 
of random disturbances upon the aircraft. This function 
is achieved by stabilizing means such as a number of 
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rate gyros on the aircraft which feed to the aerodynamic 
control surfaces signals indicative of the rate of change 
of aircraft orientation. 
The second function of the autopilot is to maintain 

correcto'rientation of the air frame at all times. Since 
the path in space followed by the aircraft depends pri 
marily upon its orientation, this function is of particular 
signi?cance. Angular position sensing devices such as a 
vertical gyro for pitch and roll and a direction gyro for 
yaw are therefore provided to generate signals contribut 
ing to the controlled operation of the aerodynamic control 
surfaces. _ 

A third function of the autopilot is to maintain certain 
?ight conditions. These conditions maybe ?ight param 
eters such as indicated air speed, Mach number, altitude 
or heading at any time during ?ight. Additionally, these 
conditions may include deviation of the aircraft from a 
selected ‘path in space. The autopilot disclosed includes 
a plurality of condition or reference ‘servos for generating 
signals indicative of air speed error, Mach number error, 
altitude error or heading error. Control signals for pitch 
angle and turn angle are also provided to the autopilot 
in order to control the aircraft along a desired course 
in space. Additionally, control modes peculiar to land 
ing and takeoff and other ?ight phases are also provided. 
Means are provided for selecting a desired longitudinal 
(pitch) control mode and a desired lateral (roll or yaw) 
control mode and feeding the signals generated in such 
modes, together with the stabilizing and orientation sig 
nals, to the appropriate control surfaces. 

It is ‘an object of this invention to provide an aircraft 
autopilot having a wide selection of control modes. 
A further object of this invention is to provide an auto 

pilot having one ‘or more improved longitudinal control 
modes. 

Another object is to provide an autopilot having one 
or more improved lateral control modes. 

Still ‘another object of this invention is to provide an 
autopilot having a plurality of available longitudinal and 
lateral control modes and having therein provision for 
selecting ‘a desired combination of one lateral mode and 
one, longitudinal mode. 
These and other objects of this invention will become 

apparent from the following description taken in connec 
tion with the accompanying drawings, in which 

FIG. 1 illustrates an aircraft for which the described 
embodiment of the autopilot of this invention is particu 
larly adapted; 

FIG. 2 illustrates the broad functional arrangement of 
the autopilot; I 

FIG. 3 is a functional diagram of the longitudinal 
modes of control; 

FIG. 4 is a functional diagram of the lateral modes 
of control; 
FIG. 5 illustrates details of certain portions of the lon 

gitudinal modes; 
FIG. 6 illustrates details of the longitudinal mode ?ight 

instrument servos; 
'FIG. 7 illustrates details of the lateral modes; 
FIG. 8 illustrates the manner in which the external 

commands are applied to the autopilot; 
And FIG. 9 shows further details of an exemplary in 

strument reference servo. 
In the drawings like reference numerals refer to like 

parts. _ 

As illustrated in FIG. l, an aircraft 10 in which the 
disclosed autopilot is to be carried and which is to be 
controlled by the autopilot comprises, a fuselage 311, a 
pair of engines 12 (only one of which is shown), port 
and starboard trimmers or auxiliary pitch control sur 
faces 13, 14, port and starboard main pitch and roll 
control surfaces or elevons 15, 16 and a pair of yaw 
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control surfaces or rudders 17, 18. A retractable tricycle 
landing gear including a nose wheel 19 and a pair of 
rear wheels 20 (only one of which is illustrated) are 
carried in conventional fashion from the fuselage. ‘In the 
canard con?guration shown, the main wing is aft of the 
body and carries at its trailing edge the elevons 15 and 
16 which are each actuated by servos 21. The elevons 
15', 16 will be actuated equally in unison for pitch con 
trol and differentially for roll control. Pitch and roll 
control by the elevons may be effected simultaneously. 
A forward auxiliary wing entirely constitutes the dis 
placeable trimmers 13 and 14 hinged to the fuselage to 
be actuated in unison and equally by servos 22 and 23, 
respectively. The rudders 17 and 18 are actuated equally 
and in unison by servos 24 and 25, respectively. It is to 
be noted that in the con?guration shown the longitudinal 
axis of the fuselage and the wings are displaced in pitch 
from the thrust axis of the engines 12 whereby the ve 
hicle will normally ?y with its fuselage in a pitched-up 
attitude. 

Roll control is achieved through differential operation 
of the elevons. Simultaneously with roll control, rapid 
pitch control is achieved through additive control of the 
same elevons. Slow pitch control for the primary pur 
pose of maintaining trim condition of the aircraft during 
variations of both the center of gravity and the aero 
dynamic center is accomplished through displacement of 
the forward trimmers 13, 14. Yaw control is achieved 
through the rudders. In certain modes speed control is 
accomplished automatically by means of pitch control 
through the elevons but in other modes is accomplished 
by control of engine thrust via the throttles. Within the 
concept of the disclosed invention there is contemplated 
alternative or additional speed control via control of con 
ventional glide brakes 26 operated by servos 27. It is 
further contemplated that during ground runs yaw con 
trol by the rudders will be augmented by differential 
action of conventional wheel brakes (not shown). All 
of the autopilot including its electronics, various instru 
ments and controls, except for the servos and certain re 
lay switches, may be mounted in the autopilot rack 28 
suitably supported within the fuselage 11. The autopilot 
sensing devices, all of which may be conventional in 
struments well-known to those skilled in the art and 
commercially available, include a pitch rate gyro, a roll 
rate gyro, a yaw rate gyro, a vertical gyro, a directional 
gyro, an indicated air speed instrument, a Mach num 
ber instrument, a pressure altimeter, a radar altimeter 
and a normal accelerometer, all of which will be car 
ried and mounted in the rack 28. 

General Functions 
A basic functional diagram of the autopilot is illus 

trated in FIG. 2 wherein the short-period stabilization in 
the form of roll, pitch and yaw rate signals is illus 
trated as provided from the rate instrumentation com 
prising rate gyros 30. Maintenance of orientation is 
provided by attitude signals from orientation instruments 
such as a pair of free gyros 31. Maintenance of a selected 
?ight condition is derived as a selected signal from in 
strumentation 32 which feeds to a switch 33 therein a 
number of ?ight condition control signals in the form 
of a difference between a particular aircraft ?ight param 
eter and a selected value thereof or as a space path con 
trol signal. The signals from the instrumentation arrange 
ments 30, 31 and 32 are fed through a mixer 34 to effect 
the stabilization and selected control of the various aero 
dynamic control surfaces 35 in accordance with a par 
ticularly desired controlling mode. As the basic func 
tion of the autopilot is short~period stabilization, this 
is provided by the instrumentation 30 as a distinctly 
separable function. By means of this function the dy 
namic behavior of the air frame is not only greatly im 
proved but is rendered more easily amenable to the vari 
ous other modes of control selectively derived through 
the switching apparatus 33. 
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4 
The function of maintaining correct orientation or atti 

tude, which may under some ?ight conditions be elim 
inated, is accomplished by attitude feedback from the 
two free gyros 31 into the appropriate control surfaces. 
The functions of maintaining certain ?ight conditions 

such as a selected ?ight parameter or a selected ?ight 
path are achieved by applying from instrumentation 32 
and the switching 33 thereof a proper function of the 
error in the selected parameter or deviation from selected 
path as an attitude command signal to the basic portion 
of the autopilot. In this manner the control equations 
for these modes are made relatively independent of varia 
tions in most of the aerodynamic coe?icients. Two of 
the modes, vertical and lateral deviation control, require 
transmission of functions of deviation from the design 
path (as measured by radar or an autonavigator) as 
attitude command signals to the autopilot. 

Longitudinal Mode Functions 

A more detailed functional diagram of the six longi 
tudinal control modes as illustrated in FIG. 3 comprises 
a ?rst group of elements indicated in the dotted box 40 
which achieves the functions of short-period stabilization 
and maintenance of orientation. The group of elements 
indicated in dotted box 40 as the nucleus of the autopilot 
includes the elevon servos 41 operated for pitch con 
trol in response to the output of pitch mixer 42 and the 
trimmer servo 43 operated via pitch trimmer integrator 
44 in accordance with the integral of the elevon de?ection 
control signal from the pitch mixer 42.. With this ar— 
rangement the trimmer servo 43 will cause the trimmers 
13, 14 of 'FIG. 1 to acquire a proper trim position and 
thus allow the elevons to maintain their trim position 
at or about a condition of zero de?ection during steady 
v?ight. Thus, the elevons will normally be readily avail 
able to effect rapid changes of aircraft pitch attitude. The 
output of the pitch mixer 42 is the sum of a plurality of 
inputs thereto of which several may be simultaneously 
applied and others alternatively applied. The signal from 
pitch rate gyro 45 is at all times applied as one of the 
inputs to the pitch mixer for purposes of pitch stabiliza 
tion. The pitch attitude of the aircraft in the form of 
a pitch position signal from a vertical gyro 46 may also 
be applied at all times to the pitch mixer to maintain pitch 
orientation or to provide a pitch orientation reference 
for comparison with pitch control signals derived in other 
longitudinal control modes. 
A third function, that of maintaining a selected ?ight 

condition such as a speci?ed one of the selected ?ight 
parameter values, is provided by the instrumentation 
grouped within the dotted box 47. This instrumentation 
includes an altitude error generator 48 which will provide 
as its output an altitude error control signal indicative of 
the dilference between the altitude of the aircraft and a 
selected value thereof. There is also provided a Mach 
number error generator 49 which generates a Mach error 
control signal indicative of the difference between Mach 
number of the aircraft and a selected value thereof. The 
third instrument in this group is an indicated air speed 
error generator 50 which provides as its output an air 
speed error control signal indicative of the difference be 
tween the indicated air speed of the aircraft and a selected 
value thereof. 

In response to a commanded reference variation which 
operates a switch 51, an increase-decrease generator 52 
will feed to the instruments 48, 49 and 50 a signal which 
effects a relatively slow change in the reference provided 
by these instruments and will thus control the value of 
the selected parameter which is to be maintained. 
The elements illustrated as grouped within the dotted 

box 53 may be interpreted as collectively maintaining a 
selected ?ight condition by effecting guidance of the air 
craft along a selected space path. These components may 
comprise external sources of control signals from a re 
mote pilot 54 (as in a chase plane) or from external radar 
and computing apparatus 55 at a ground station. The 



cxt'ernal‘contro'l signals maybe selectively and alternative 
11y ‘transmitted via radio ‘to a receiver 5‘6‘(1mounted in the 
aircraft) which feeds 3the ‘received control signals to ‘the 
pitch mixer and which may also receive and feed to the 
autopilot various mode selection signals which effect the 
operation of the several switches schematically ‘illustrated 
in FIG. v3. "The receiver also ‘controls the switch 551 of 
the increase-‘decrease generator 52. 

‘In those situations where the aircraft is to carry ‘an auto 
navigator and ‘computer 57 the latter may be used alter 
nativelyto vvor in conjunction with‘the externally controlled 
receiver ‘in order to ‘provide the necessary space path 
guidance and mode selection signals as a programmed or 
computed function of time ‘or distance travelled. 'It is to 
be understood that the particular details of the source 
of the ‘guidance and mode selection signals form no part 
of this {invention since these may be ‘obtained by conven 
tional apparatus well-known to those skilled in the art. 

Also included in the ‘group 53 of space path control ele 
ments and their components are a ?are computer '58‘ and 
a landing signal generator 59‘ carried by the aircraft and 
comprising a part of the autopilot. The ?are computer 
58 may be of the type more particularly described in ap 
plication Serial No. 595,330, enittled Automatic Landing 
System, ‘by Robert W. Bond and ?led July 2, 1956, now 
Patent 'No. 3,031 ,‘662. Brie?y, in response to control 
from the ?are computer the pitch angle of the aircraft is 
controlled ‘to provide a proper descent and landing. In 
this mode the pitch angle is controlled as a function of 
the difference between altitude and rate of change of 
altitude as measured by the radar altimeter of the ?are 
computer 58. Thus, the aircraft sinking rate is reduced 
to a low value at touchdown in an exponential function 
of time. 
The landing ‘control generator 59 is armed to select this 

particular ‘mode by the automatic operation of a switch 
controlled by ‘the landing gear. This landing signal causes 
the autopilot to effect decrease of the aircraft pitch angle 
to insure ground contact of the nose wheel. 
The external pitch angle ‘control signals and the param 

eter error control signals from instruments r48‘, 49‘ and 
50 are all fed to the pitch mixer 42 through a load limiter 
70 which acts to prevent excessive wing loads by modify 
ing as necessary all pitch angle command signals except 
those from the ?are computer 58‘ and the landing gen 
erator 59. This load limiter is designed to- have little or 
no effect upon ‘the autopilot unless the design ‘limit of the 
load factor is approached. As this occurs the load limiter 
limits the maximum rate of change of the pitch angle 
command signal as a function of acceleration sensed by 
a normal accelerometer which comprises part of the load 
limiter. In this manner adequate protection against ex 

. cessive wing loads is prevented without undue restriction 
of maneuverability during critical ‘?ight conditions. De 
tailed description of the structure and function of the load 
limiter 70 is found in application Serial No. 460,284, en 
titled Limiting Device for Aircraft Wing Load, by Robert 
W. Bond et al., ?led October 5, 1954, now Patent No. 
2,866,933. 

While not illustrated in FIG. 3, it is to be noted that the 
rudder command signals described hereinafter are coupled 
differentially to the elevons to thereby greatly reduce the 
effect of rolling moment due to rudder de?ection. Thus, 
a considerable reduction of the magnitude of transients 
resulting from various disturbances is provided. This 
particular coupling may not be required if the disclosed 
autopilot is utilized in aircraft of con?guration other than 
that illustrated in FIG’. 1. 

Thus, for longitudinal control there are provided six 
alternatively selectable control modes as follows. Mode 
1, manual pitch angle control in the .form of a proportional 
signal from the receiver or autonavigator. Mode 2, indi 
cated air speed control in the form of an error signal 
from indicated air speed error generator 50. Mode 3, 
Mach numbercontrol in the form of an error signal from 
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6 
Mach (‘number error generator \49. Mode 4, altitude con 
trol in the form of an error signal from altitude error 
generator 48. Mode 5, vertical deviation control similar 
to mode 1 and in the form of a pitch angle control signal. 
Mode 6, landing ?are control in the form of a pitch angle 
control signal from the ?are computer 58. - 

In all of the modes of longitudinal control the elevons 
are de?ected in the same direction and comprise the pri 
mary ‘sources of control. To ‘avoid limited elevon de?ec 
tions due to large ‘hinge loads the autopilot is arranged to 
cause the elevons to “be normally operated near the center 
position 7 thereof. This condition is accomplished by 
means of the pitch trim integrator which achieves de?ec 
tion of the trimmer at a rate proportional to the average 
displacement of the elevons whereby the actual trimmer 
displacement is proportional to the integral of the elevon 
displacement. In this manner, the trimmer assumes the 
correct trim position such as to allow the elevons to oper 
ate at or near center position during steady ?ight. 
The primary source of stabilizing signal for longitudinal 

control is the pitch rate gyro 45. Pitch rate stabilization 
greatly increases the damping of the aircraft short period 
mode of oscillation and at the same time makes possible 
the stabilization of all of the modes of longitudinal 'con 
trol since pitch rate control is provided at all times. 
The vertical gyro '46 provides the pitch angle signal 

necessary to control the pitch angle of the aircraft. In 
the manual modes of longitudinal control the pitch angle 
is controlled directly by the pitch command signal from 
the radio receiver or autonavigator. In each automatic 
control mode pitch angle is controlled by the appropriate 
error signal to achieve the desired ?ight parameter. 

Lateral Mode F unclions 

In the lateral modes of control (FIG. 4) the aircraft 
will normally be controlled by bank turns except during 
ground runs when ?at turn control is provided. However, 
?at turn control is available during ?ight if desired for 
certain test purposes. 

In bank tu'rn control the rolling rate of the aircraft is 
so controlled by differential operation of the elevons that 
the ‘bank angle, as measured by the roll position output 
of the vertical gyro, is proportional to the bank angle 
command. A given bank angle Will cause a given rate 
of turn for the disclosed aircraft con?guration. During 
bank turns the elevon servos 41 are controlled in ac 
cordance with the output of the roll mixer 71 which has 
a bank angle input from the vertical gyro 46 and a roll 
rate input from roll rate gyro 72. The rudder serves 73 
are controlled in response to the output of the yaw mixer 
74 which has an input ‘for purposes of yaw rate control 
from the yaw rate gyro 75. Thus, the rate signal fed 
into the elevons from the roll rate gyro and into the 
rudders from the yaw rate gyro greatly improves stability 
of the aircraft. 

Flat turns in response to a turn control signal applied 
to the yaw mixer 74 and to the rudder servos 731 are 
utilized for taxiing or ground runs during take-off and 
landing. Flat turn control is also available during ?ight 
after take-off and during landing approach. Flat turns 
are obtained by displacement of the rudders to achieve 
the desired yaw rate while the bank angle is maintained 
substantially zero by elevon stabilization from the vertical 
gyro and roll rate gyro. 

It is to be noted that the output of the yaw mixer 74, 
the rudder command signal, is at all times applied dif 
ferentially to the elevons through roll mixer 71 to greatly 
reduce the large rolling moment caused by rudder de?ec 
tion of an aircraft having the con?guration illustrated in 
FIG. 1. This feature effects reduction of the magnitude 
of rolling transients resulting from rudder de?ections and 
further improves stability. 

Thus, the lateral mode components 41, ‘46, 71, 72, 73, 
74 and 75 within the dotted box 76 of FIG. 4 are anal 
ogous to the longitudinal components within the box 40: 
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of FIG. 3 and achieve the functions of short period roll 
and yaw stabilization and roll orientation. 

In the lateral mode-s, maintenance of a speci?ed ?ight 
condition to obtain a ?xed aircraft heading or guidance 
along selected curved paths without reverting to manual 
control is provided by the components within box 77. 
This arrangement also provides a heading reference in 
lateral mode 1. The lateral modes comprise mode 1, 
manual control; mode 2, lateral deviation control; and 
mode 3, ?xed or hold heading control. Each of these 
lateral modes is available for either bank turns or ?at 
turns. The heading generator 77 comprises a heading gyro 
78 which provides a signal indicative of the deviation of 
the aircraft heading from a selected reference such as 
magnetic north for example, and a heading reference and 
integrating servo 79 which has several functions for the 
several lateral modes. A. heading mixer 80 combines the 
outputs of the heading gyro and heading servo 79 to pro 
vide via the ?at or bank turn switch 81 a heading error 
signal to the roll mixer 71 for bank turns or to the yaw 
mixer 74 for ?at turns. In modes 1 and 2 the heading 
servo follows or integrates, respectively, the heading error 
output of the heading mixer 80; whereas in mode 3 the 
servo 79 feeds a heading reference to the heading mixer 80 
for comparison with the heading from gyro 78. This 
heading reference in mode 3 may be varied under control 
of a commanded heading increment or decrement from 
increase-decrease generator 82 in response to a command 
from the receiver ‘56. 

In a manner similar to that described in connection with 
FIG. 3, space path guidance, speci?cally turn control, for 
the lateral modes is provided by the components grouped 
in box 90 which comprise the external radar and computer 
55, the external pilot 54, the receiver 56 and the radio 
link 91 therebetween. Again the autopilot is also adapted 
to receive turn control signals from an autonavigator 57 
carried by the aircraft controlled by the autopilot. Thus, 
a turn control signal may be fed through mode selector 
switch 92 and through bank or ?at turn switch 81 to either 
the roll mixer 71 or the yaw mixer 7 4 where it is combined 
with the other inputs to the respective mixers. In effect 
the turn command signal is applied as the bank angle com 
mand to the roll mixer during bank turn operation and as 
a heading or yaw rate command to the yaw mixer during 
?at turn operation. 

Longitudinal Mode 1 

Illustrated in FIG. 5 are details of the autopilot longi 
tudinal modes. In mode 1, manual pitch angle control 
mode, the pitch angle of the aircraft as measured by the 
vertical gyro 46 is controlled solely by the pitch radio 
command signal. Control is accomplished by use of an 
error signal proportional to the difference between the 
command signal and the actual pitch angle to de?ect the 
elevons in unison in the proper direction to bring the 
aircraft to the commanded angle. When the commanded 
angle is obtained the elevons return to the center position 
thereof as the forward trimmer assumes the required trim 
position. 
A DC. command signal is applied at an ‘autopilot input 

100 as a D.C. signal proportional to the commanded pitch 
angle. The DC. command signal is fed to a pitch com 
mand servo 101 including an input modulator 102 which 
receives through input resistor 103‘ the DC. signal and 
provides at its output an amplitude modulated A.C. signal 
having an amplitude of modulation proportional to the 
magnitude of the DC. input signal and a phase indica 
tive of the polarity of the input signal. It is to be under 
stood that all the circuitry described herein will utilize 
the same A.C. source of a frequency such as 400* cycles 
a second, for example, for purposes of AC. phase refer 
ence and energization as will be apparent to those skilled 
in the art. The control signal from modulator 102 is fed 
through an input resistor of a conventional servo ampli 
?er 104 which drives a two-phase servo motor 105 at a 
speed and in a direction proportional to the amplitude 

20 

35 

4.0 

45 

50 

55 

60 

65 

70 

75 

'8 
and phase of the servo‘ ampli?er input. The motor 105 
drives a tachometer generator 106 which provides a feed 
back via resistor 107 to the input of the ampli?er 104 in 
the form of a signal proportional to the motor shaft 
velocity to thereby provide rate damping of the servo. The 
motor also drives the wiper of a telemetering potentiom 
eter TP—-5 which provides one of the several inputs to 
telemetering equipment (not shown) carried by the air 
craft. For purposes of test ?ight observation and for 
certain control purposes it is desirable to provide tele 
metering apparatus in the controlled aircraft for radio 
transmission to a ground stat-ion or other remote pilot. 
The motor 105 also drives the wiper of a potentiometer 

P-S the output of which is fed back through resistor 108 
to the input of modulator 102 whereby the signal at the 
wiper of potentiometer P-S will at all times follow in 
magnitude and sense the pitch command signal at input 
100. All potentiometers are connected to a suitable source 
of potential indicated as +, --. The particular arrange 
ment of Potentiometers is exemplary only. 
The ‘output of the pitch command servo 101 at the 

wiper of potentiometer P-S is fed through one bank S—1 
of a multi-bank six-position longitudinal mode selector 
switch. It is to be understood that all six-position banks 
of the mode selector switch are ganged for operation in 
unison in response to a mode selection signal hereinafter 
described. The ganged connections are not illustrated in 
order to maintain clarity of the drawings. In mode 1 
the pitch angle com-mand signal is fed through switch bank 
S-1 of load limiter 70 to the load limiter modulator 110 
to provide an AC. pitch angle command signal to the 
load limiter ampli?er \111 which also receives an input 
signal from normal accelerometer 1112. The output of 
the load limiter ampli?er ‘111 is fed as an input to load 
limiter servo ampli?er ‘113 which drives the servo motor 
114. The output of the servo motor 114 drives a ta 
chometer generator .115 to provide a velocity damping 
feedback to the input of ‘ampli?er 1-13 and to the load 
limiter ampli?er 11-1. The motor 114 also drives the 
wiper of potentiometer P—4 to provide additional feed 
back to the load limiter modulator 110 via capacitor 120, 
resistor 121 and also drives telemetering potentiometer 
TP—4 for telemetering the load limiter output. The load 
limiter 70 also includes a second bank S—2 of the mode 
selector switch for feeding to the load limiter the error 
signal outputs (on leads 177) of the ?ight instrument 
servos in modes 2, 3 and 4 as more particularly described 
hereinafter. The signals from the ?ight instrument servos 
are not coupled to the switch bank S-2 or lead 177 in 
modes 1 and 6 (see FIG. 6). During mode 4 it is noted 
that the feedback (from P—4) to the load limiter mod 
ulator 110 is shunted through capacitor 118 and resistor 
119 for the purpose of application of altitude rate signal. 
Elements 1'18 and ‘119 provide a ?lter action in the feed 
back from output to input of the load limiter and thus 
effect derivative action on the altitude error signal as 
transmitted through the load limiter. 
The shaft position of motor 114 of the load limiting 

servo is thus proportional to the pitch angle command 
signal except as modi?ed (as described in the above-men 
tioned application, Serial No. 460,294) to prevent exces 
sive wing loads. This shaft position of motor 114 is 
therefore the direct pitch angle command to the remaining 
portions of the pitch channel. The actual pitch angle of 
the aircraft is measured by the pitch output of a con 
ventional vertical gyro 46 which may be, for example, of 
the Sperry Type K-Z and which provides an output via 
synchro generator 130 to a synchro control transformer 
1131 which receives as a second input thereof the shaft 
position of motor 114. The synchro control transformer 
‘13.1 compares the shaft position of motor 114 with the 
gyro output from the sychro generator 130 and provides 
as its output a difference or pitch error signal on lead 132. 
This error signal on lead 132 is supplied through the re 
sistive summing network 133 as one input to the pitch 
mixer ampli?er 134 which provides as its output a signal 
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proportional to the algebraic ‘sum of the inputs thereto. 
Also applied to the summing network 133 are the output 
signal from the pitch rate gyro 45 which is used for pitch 
damping and the landing ?are signal through switch bank 
S-'4 from ?are computer v‘58 more ‘particularly described 
in the above mentioned application, Serial No. 595,330. 
The pitch angle command signal at the output of the 

pitch mixing ampli?er 134 is applied equally and in 
unison to the elevon servos ‘41. These servos which may 
be of any suitable type such as high power rapid response 
hydraulic servos are herein illustrated for purposes of ex 
position as electro-mechanical servos comprising port and 
starboard servo ampli?ers 140, >141 driving motors 142, 
143 the outputs of which are connected to physically dis 
place the elevons. The eleven positions are sensed by 
synchro generators 144, 145 and fed back to the input of 
the servo ampli?ers 1'40 and 141. Thus, the displace 
ment of the elevons will at all times be proportional in 
magnitude and direction to the magnitude and polarity of 
the input to the servo ampli?ers 140, ‘141. 

‘Since the elevons additionally provide r011 control by 
being differentially operated, the eleven servos also re 
ceive as inputs roll control signals on leads 148 and 149 
from the roll mixer 71 (FIG. 4). These roll signals are of 
mutually opposite phase to provide for the differential op 
eration of the elevons as will ‘be particularly described be 
low in connection with the description of the lateral 
modes. 
The pitch angle command signal from the output of 

the pitch mixing ampli?er 134 is also applied through the 
pitch trim integrator 44 to the trimmer servo 43. The 
trimmer servo, as all the other actuating servos, may be 
of well-known electro-hydraulic con?guration but is here 
illustrated as comprising servo ampli?er 150 driving mo 
tor 151 which actuates the trimmer. The trimmer posi 
tion is sensed by synchro generator 152 to feed back a 
trimmer position signal to synchro control transformer 
153 which also receives the shaft output of the trimmer 
integrator and thus provides to the servo ampli?er 150 a 
signal in accordance with the difference between the two 
inputs to the synchro control transformer 153. 
The trimmer integrator 44 which provides to the trim 

mer servo a signal proportional to the integral of the pitch 
angle control signal comprises a servo ampli?er 154 having 
an input from the output of the pitch mixer ampli?er 134 
and having an output which drives motor 155 and tachom 
eter generator 156. The shaft position of motor 155 is 
the integrated output since the mot-or velocity is propor 
tional to the ampli?er output. Synchro control trans 
former 153 geared to the motor shaft provides the ap 
propriate error ‘signal to cause the trimmer servo 43 to 
follow the integrator output. Velocity damping is prov-id 
ed ‘by the feedback of the tachometer generator signal to 
the ampli?er input. 

For the purpose of deflecting the trimmers to drop the 
nose of the aircraft gently upon landing, a switch ‘157 is 
mounted on landing gear 20 to be operated upon compres 
sion of the rear wheels at touchdown. When operated. 
the switch r157 feeds a ?xed signal from source 1158 to the 
input of the ampli?er 154 in a sense to effect the desired 
nose-down de?ection of the trimmers. The switch 157 
may or may not be held open during takeoff by any suit 
able means, not shown, since the manual pitch angle com 
mand signal applied during take-off will itself over-ride 
the landing signal provided through switch 157. 

Longitudinal M ode 2 

In longitudinal control mode 2 (indicated air speed con 
trol) the pitch angle of the aircraft is controlled as a func 
tion of the difference between the aircraft indicated air 
speed :as measured by the indicated air speed meter 160 
(FIG. 6) and the commanded indicated air speed signal 
as established by the indicated air speed (IAS) reference 
servo 161. ‘In all other modes of longitudinal control ex 
cept mode 5 the IAS reference servo 161 follows the air 
craft indicated air speed directly. When mode 2 is select 
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ed the IAS servo ‘161 is stopped and holds the IAS value 
existing at the time of switch to mode 2. The IAS error 
signal appearing on lead 162 is applied via lead 177 to 
the load limiting servo 70 through switch hank S-—2 '(FIG. 
5). Thus, the pitch angle of the aircraft will be varied 
in accordance with the IAS error and the aircraft speed 
will increase or decrease as necessary to bring the error 
to zero. 

The indicated air speed meter may be of a conventional 
type such as Kollsman Type 1336-014 and feeds a signal 
to synchro control transformer 163‘ which also receives 
a signal from the output of the IAS servo. The synchro 
control transformer 163‘ feeds through bank 8-5 of the 
longitudinal mode selector switch to the input of a servo 
ampli?er 164. The ampli?er 164 drives motor 165 which 
in turn drives tachometer generator 166 and synchro gen 
erator 167. The tachometer provides a velocity feed 
back damping to the ampli?er input. The motor 165 also 
drives the wiper of telemetering potentiometer TP-l. 
Thus, it will be seen that in modes 1, 3, 4 and 6 the switch 
bank S~5 connects the input of the servo ampli?er 164 
to the output of the synchro control transformer 163 and 
the servo 161 is a rapid follow-up servo having as its input 
the output of the IAS meter 160. When mode 2 (or 
mode 5) is selected the shaft position of motor 165 and 
thus the rotor of synchro generator 167 stops in the posi 
tion obtained at the instant of mode selection and thus 
the reference servo 161 stores an IAS reference ‘value. 
In this mode the reference value stored by the servo 161 
may be selectively varied by operation of the increase 
decrease switch 51 which feeds a signal‘with either of two 
opposite polarities from source 52 to the input of the 
servo ampli?er 164. Thus, the servo 161 may operate 
in longitudinal mode 2 to increase or decrease the indi 
cated air speed of vthe aircraft at a low constant rate to 
achieve small corrections of speed in this mode. It is to 
be noted that the pitch radio command is also effective 
in this mode but, due to the error reducing. action of the 
load limiting servo and in particular the capacitor 120, 
this effect is only temporary. Thus, the radio commanded 
pitch angle may be used as an instantaneous or momen 
tary override in case of emergency but its effect gradually 
disappears. 

Reference is made to FIG. 5 for description of the 
override action. Since the pitch angle command signal 
from potentiometer P-5 of servo 101 is transmitted 
through capacitor 120 in modes 2, 3 and 4, the remote 
pilot can override these modes for short periods. As 
capacitor ‘120 charges to the newly applied signal resulting 
from an override input (i.e. a pitch radio command), 
the effect of this override gradually disappears. In these 
same modes the instrument error signal 177 is applied 
directly to the load limiter modulator 1‘10 and therefore 
is not affected by capacitor 120‘. Thus, after override 
action, the long term effect is that Ithe vehicle will return 
to the condition established by the ?ight instruments un 
less the pilot chooses to select another mode. 

Longitudinal Mode 3 

In longitudinal control mode 3 (Mach number con~ 
trol) the pitch angle of the aircraft is controlled as a 
function of the difference between the aircraft Mach num 
ber as measured by Mach meter 170 of FIG. 6 and the 
Mach number commanded and stored by the Mach num 
ber reference servo 1711. The Mach meter may be a con 
ventional instrument such as the Kollsman Type 
XA-‘1537-01 which feeds a signal proportional to the 
Mach number of the aircraft as a shaft displacement to 
synchro control transformer ‘172. In all modes but mode 
3 the output of the synchro control transformer is fed 
through switch bank 8-6 of the longitudinal mode selector 
switch to the input of the Mach meter reference servo 171 
comprising servo ampli?er 179, motor 173', tachometer 
generator 174, synchro generator 175 and telemetering 
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potentiometer TP-2 all constructed and arranged in a 
manner similar to the corresponding components of the 
IAS reference servo 161. The reference servo 171 is all 
modes but mode 3 directly follows the Mach meter output 
but holds and stores the Mach number existing at the in 
stant of selection of mode 3. Thus, in mode 3 the Mach 
number error signal appearing on lead ‘176 may be applied 
to the load limiting servo through lead 177 in much the 
same manner as the indicated air speed error signal as 
applied in mode 2. The Mach number error signal simi 
larly controls the aircraft Mach number by control of 
pitch angle in a manner similar to that described in con 
nection with the IAS servo 161. The reference Mach 
number stored by Mach number reference servo 171 may 
be varied by the previously described on-off command 
signal which operates switch 51. 

Longitudinal M ode 4 

In longitudinal control mode 4 (altitude control) the 
pitch angle of the aircraft is controlled as a function of 
the difference between the aircraft altitude as measured 
by the altimeter 180 and that commanded or stored by 
the altitude reference servo 181. The altimeter may be 
a conventional instrument such as the Kollsman Type 
1556B-01 which feeds to synchro control transformer 182 
an altitude signal in the form of a shaft displacement. In 
longitudinal modes 1, 2, 3, 5 and 6 the output of the 
synchro control transformer 182, which also receives as 
an input the output of the reference servo 181, is fed 
through switch bank S—7 as an input to the reference 
servo. The servo 181 comprises a servo ampli?er 183, 
a motor 184, tachometer generator 185, synchro generator 
186 and a telemetering potentiometer TP~3 all constructed 
and arranged as are the similar elements of the reference 
servos 161 and 1711. As with the other reference servos, 
servo 181 follows the output of the instrument 130 in all 
modes other than its own mode 4 and the value of selected 
altitude at the time of selection of mode 4 is stored as a 
reference altitude in the servo 181 whereby the output 
of synchro control transformer 182 comprises the altitude 
error which is fed via leads 187 and 177 to the load lim 
iter in a manner similar to that described in connection 
with servos 161 and 171. The altitude reference provided 
by the servo 181 may be varied by on-off commanded 
operation of switch 51. 
The dynamic properties of the load limiting servo are 

modi?ed in mode 4 by switch bank 8-1 which connects ca 
pacitor 118 and resistor 119 to the load limiter servo feed 
back signal from potentiometer P4. ‘By this means the 
load limiter servo partially responds in proportion to the rate 
of change of altitude for stabilization of altitude control. 

Longitudinal Mode 5 

In longitudinal control mode 5 (vertical deviation con 
trol) external radar equipment which may be ground 
based is utilized to measure the position of the aircraft 
with respect to the desired landing approach path. This 
mode is provided to make available IAS error informa 
tion to the ground radar to enable radar control. Ex 
cept for the fact that the IAS reference servo 161 is 
stopped by switch bank 8-5 in mode 5, this mode is 
identical to mode 1. Therefore, the pitch angle of the 
aircraft is con-trolled solely by the commanded pitch 
angle. In this mode the IAS error is available at tele 
metering point 189 (FIG. 6) to the remote control pilot or 
ground station to thereby assist him in adjusting engine 
thrust or glide vbrakes to maintain proper air speed. 
Mode 5 is intended primarily for use during landing ap 

proach. During the approach the pilot can control pitch 
angle as necessary to maintain the proper approach path 
and can control the throttle or glide brakes to maintain 
proper approach speed. If automatic measurement of 
vertical deviation from the desired path is available from 
instrumentation such as radar or optical devices combined 
with an appropriate computer, a vertical deviation pitch 
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12 
angle signal can be automatically computed and coupled 
directly to the remote pilot’s pitch angle control to achieve 
automatic approach path control. 

It will be readily appreciated that the IAS error signal 
may also be utilized in mode 5 to provide automatic glide 
brake control as a function of IAS error. 

Longitudinal M ode 6 

As more particularly described in the above mentioned 
application Serial No. 595,330, mode 6, landing ?are con 
trol, may be selected either ‘automatically at a preset 
altitude or manually as each of the other modes. In this 
mode as described in application Serial No 595,330 the 
pitch angle of the aircraft is controlled to provide the 
proper ?are-out to touchdown. 

Lateral M ode 1 

Referring now to FIG. 7, a commanded turn signal ap‘ 
pears on lead 200 from the radio receiver or autonaviga 
tor as a DC. signal proportional to desired aircraft bank 
angle or yaw rate for bank turns or ?at turns, respec 
tively. The turn command signal is fed through bank 
C—1 of a multibank mode selector switch and to ?at 
turn switch 81a as the input to a roll command servo 
(in dotted box) 201 (from the switch 81) during bank 
turn operation. The turn command signal is fed to the 
input of a roll command servo modulator 202 which pro 
vides as its output and as the input to a servo ampli?er 
203 an amplitude modulated A.C. signal having a magni 
tude and phase in accordance with the magnitude and 
polarity of the DC. input to the modulator. The servo 
‘ampli?er 203 drives a motor 204 which in turn drives 
tachometer generator 205, telemetering potentiometer 
TP-6, and a feedback potentiometer P-6 from the wiper 
of which is obtained a DC. feedback to the input of the 
modulator 202 in accordance with the output of the roll 
command servo. Velocity damping of the motor 204 is 
provided by feedback from the tachometer generator 
205 to the input of ampli?er 203. The roll output of 
vertical gyro 46 which may be a conventional instrument 
such as a Sperry Type K-Z is fed through synchro gen 
erator 206 as a second input to synchro control trans 
former 207 which is also driven by the motor 204. The 
motor shaft position by virtue of the feedback to the 
modulator 202 from potentiometer P-6 is thus propor 
tional to the turn command signal. The synchro control 
transformer 207 thus compares or algebraically com 
‘bines the roll position of the aircraft as measured by the 
vertical gyro with the commanded bank angle and feeds 
a bank angle error signal through resistive summing net 
work 208 to the input of the roll mixer ampli?er 209. 
The roll mixer ampli?er 209 also receives a roll rate 
stabilizing signal from roll rate gyro 72 and a rudder 
de?ection command signal from yaw mixer ampli?er 
220 via phase inverting ampli?er 221. The output of 
the roll mixer ampli?er 209 is fed via lead 148 to the 
port elevon servo and via phase inverting ampli?er 222 
and lead 149 to the starboard elevon servo (FIG. 5). 
Thus, the elevons are differentially actuated for roll con 
trol in accordance with the dilferences between the com 
manded bank angle and the measured bank angle. In 
lateral mode 1, only the commanded bank ‘angle signal 
is applied to the roll mixer ampli?er 209 together with 
the roll rate and rudder command signals. 

Lateral Mode 3 
In both of lateral modes 2 and 3, later-a1 deviation con 

trol and hold heading control, respectively, the signal 
from the heading gyro is modi?ed ‘by the heading refer 
ence servo 79. The heading or directional gyro 78 may 
‘be a conventional instrument such as a Sperry Type S—3 
providing a directional reference by producing electrical 
signals indicative of the heading of the aircraft. In lateral 
mode 1, bank angle control, the heading reference servo 
is a rapid follow-up servo having an input from the 
heading gyro. 
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The heading reference servo comprises a servo ampli 
?er 224 having an input in mode 1 via ‘lateral ‘mode selec~ 
tor switch bank 0-2 from synchro control transformer 
225 and an output driving a motor 226. The motor 
drives a telemetering potentiometer TP-‘7, tachometer 
generator 227, and the synchro control transformer 225. 
The tachometer ‘generator provides velocity damping feed 
back to the servo ampli?er. The output of the heading 
gyro is a shaft displacement measured by synchro gen 
erator 228 which provides an input to synchro control 
transformer 225. The latter provides as its output the 
difference between its inputs. Thus, the heading refer 
ence servo is similar in structure and operation to the 
reference servos 161, 171 and 181 of FIG. 6. 

In lateral mode 3, hold heading control, the heading 
reference servo 79 is stopped by virtue of switch bank 
C-Z (in position 3 thereof) of the lateral mode ‘selector 
switch and the output of the heading servo at the output 
of synchro control transformer 225 at lead 219 thus com 
prises the heading error which is the difference between 
the actual heading of the aircraft as measured by gyro 
78 and the reference heading stored ‘by the servo 79 at 
the instant of switching to lateral mode 3. In this mode 
the reference heading stored by servo 79 may be varied 
by a commanded on-oif operation of switch 59 to provide 
as an input to the heading reference ‘servo a ?xed-‘level 
signal of a selected phase for generator 82. Thus, the 
remote pilot can change the reference heading at a low 
rate to compensate for errors caused by gyro drift ‘and 
the effects of vwinds. 
The heading error is fed from synchro control trans 

former 225 in modes 2 and 3 through lateral mode switch 
bank 0-3 and through bank-?at turn switch 81b (in the 
illustrated position thereof) as an input to the roll mixer 
ampli?er 209. Thus, the aircraft is positively stabilized 
on a constant heading as measured by the direction of the 
gyro 78 in lateral mode 3 and any heading deviations are 
corrected by banked turns. In all bank turn control 
modes yaw damping is provided by feedback from yaw 
rate gyro 75 to the rudder servos 73‘. If manual control 
is desired to be available in mode 3, switch bank C-l may 
be omitted; and entirely bypassed. 

Lateral Mode 2 

In lateral control mode 2 (lateral deviation control) 
the aircraft may be controlled along a predetermined 
path. The bank angle of the aircraft is controlled by a 
signal from the directional gyro 7‘8 addition to the bank 
angle command signal on lead 200. However, in this 
mode the signal from the directional gyro which is pro 
portional to deviation from the reference heading is modi 
?ed by the heading reference servo 79. The combination 
of these feedback signals causes the aircraft to change 
its heading and at the same time to assume a small rate 
of change of heading both in proportion to the turn com 
mand signal. The use of heading feedback provides high 
ly stabilized directional control but at the same time the 
modi?cation of the heading feedback permits guidance 
along a curved path. The radio comm-and causes a pro 
portional change of heading of the aircraft from the head 
ing reference which tends to cause the output of the head 
ing gyro to become equal to the radio command. In ad 
dition, the heading reference is changing in accordance 
with the difference between the gyro output and heading 
reference. This changing reference is added to the gyro 
output which is fed to the aircraft controls together with 
the radio command. Therefore, the aircraft controls are 
supplied with a signal component which causes a slow 
rate of change of heading in addition to the proportional 
change of heading. 

in mode 1 the heading reference servo 79 has an input 
from the sync-bro control transformer 225 via a relatively 
small resistor 230 to provide for operation thereof as a 
fast follow~up servo. ‘In mode 2 the output of the head 
ing gyro 78 is applied via synchro control transformer 
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225 to the input of servo ampli?er 224 by a resistor 231 
which is substantially larger than resistor 230. Thus a 
substantially smaller fraction of ‘the feedback is applied 
to ampli?er ‘224 and the heading reference servo operates 
as a slow integrator of its input through resistor 231. 
Since “this input is a fraction of the heading deviation 
signal from the output of synchi'o control transformer 
.225, the heading reference servo slowly changes the head 
ing reference in such manner as to decrease this heading 
deviation signal. Thus, the heading input to roll mixer 
ampli?er 209 in mode 2 comprises the heading deviation 
of the aircraft as modi?ed by the gradual change in the 
heading reference servo. 

Flat Turn 

Each of the three lateral bank turn modes previously 
described are available as ?at turn modes although lat 
eral modes 2 and 3 vare not preferred for flat turns in high 
speed flight because of limited maneuver-ability. For ?at 
turns, ganged switches 81a and ‘81b are operated from 
the illustrated position. In ?at turn modes :1 and 2 the 
turn command signal ‘appearing on lead .200 is fed through 
switch bank CH1 and switch 81a to flat turn command 
servo 235 which comprises a modulator 236, servo am 
pli?er 237,, motor 238, synchro control transformer 239, 
tachometer generator .240, feedback potentiometer P-'8, 
and telemetering potentiometer TP-JS all constructed and 
arranged as are the similar components of the roll com 
mand servo 201. Thus, the output of vthe servo 235 from 
synchro control transformer 239 thereof will be a signal 
proportional to the flat turn command signal and fed 
through resistive summing network 241 to yaw mixer am~ 
pli?er 220‘. Ampli?er 220 has an input from the y-aw rate 
rate gyro ‘75 and, in modes 2 and 3, an input from the 
heading reference servo 79. Each of the three rate gyros 
45, 72 and 75 may be identical, conventional instruments 
such as Gyro Mechanisms Model 26‘, 500 (Kenyon). 
The rate gyros, of course, are oriented ‘orthogonally to 
each other so as to sense the respective attitude rates. 
The output of the yaw mixer ampli?er 220‘ is fed to the 
rudder servos to operate the port and starboard rudders in 
unison. The rudder servos which also may be of con 
ventional electro~hydraulic con?guration are illustrated 
as comprising servo ampli?ers 243, .244, motors 245, 246 
and synchro generator pickoifs 247, 248 all constructed 
and arranged as are the similar elements of the eleven 
servos 4l1. 
When using banked turns, external control signals 

through a proportional radio command channel are ap 
plied to the roll channel, and produce a roll attitude 
change with respect to the vertical gyro reference. When 
using ?at turns the external control signals are applied to 
the yaw channel, and produce a proportional yaw rate. 
The three quantities, roll angle, roll rate and yaw 

rate, are used in all lateral control modes and hence form 
the nucleus of the ‘lateral section of the autopilot. Switch 
ing to and from different control modes merely adds other 
functions to this basic con?guration, and switching from 
bank turns to ?at turns switches these other functions 
from the roll to the yaw channels. 

‘In order to reduce crab angle (lateral deviation of the 
aircraft longitudinal axis from its velocity vector) on 
touchdown due to cross winds and thereby reduce the ac 
companying lateral forces of the landing gear, an on-off 
command signal may be utilized to operate switch 260 of 
FIG. '7 ‘and apply a ?xed-level signal of a selected phase 
as an ‘additional input to both yaw mixer ampli?er 220 
and the roll mixer ampli?er 209. The crab angle signal 
from switch 260 and generator 26-1 thus provides a rud 
der off-set and differential elevon off-set of a predeter 
mined magnitude but in a chosen direction and at a 
chosen time. 

Radio Control 

Illustrated in FIG. 8 are some of the receiver derived 
control and switching signals for pitch mode selection in 
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eluding arming of the ?are computer. The ‘receiver 56 
will provide a DC. signal of one of six selected amplitudes 
which appears at receiver output 262 and is fed as an 
input to a servo ampli?er 263. The ampli?er 263 drives 
a motor 264 which in turn positions the wiper of a poten 
tiometer 265 providing a motor shaft position feedback 
to the ampli?er. Thus, the motor shaft will be displaced 
in an amount proportional to the level of the longitudinal 
mode control signal on lead 262 and may thus position 
the movable contacts of the longitudinal mode selector 
switch S. 

Proportional D.C. pitch and turn command Signals ap 
pear at receiver output terminals 100 and 200, respec~ 
tively, to be fed to the pitch radio command servo 101 
of -FIG. 5 or the roll or ?at turn control radio command 
servos 201 or 235 of FIG. 7. 
A proportional throttle control signal is provided at 

output lead 266 of the receiver to effect actuation of the 
aircraft engine throttle 267 in accordance with the mag 
nitude and polarity of the throttle control signal. Simi 
larly, a proportional glide brake control signal on lead 
268 may be applied to effect displacement of glide brake 
servos 27. 

Actuation of increase-decrease switch 51 of FIG. 6 
may be effected in either direction by on-off signals ap 
pearing on leads 280 ‘and 281, respectively, which are 
connected to a pair of relay coils 282 and 283. The 
coils are connected together and grounded whereby a 
signal on lead 280 or 281 will energize the relay coils 
in the appropriate direction to drive the armature of 
switch 51 as desired. In a similar manner, the crab 
angle switch 260 and the heading increase-decrease switch 
59 may be operated in the selected direction by means 
of relay coils 284, 285, 286 and 287 by on-off signals 
appearing at receiver outputs 288, 289, 290 and 291. The 
lateral mode selector switch banks C may be operated 
in response to a three-level DC. signal at receiver out 
put 292 by means of servo ampli?er 293, motor 294 
and feedback potentiometer 296 constructed and ar 
ranged as are the similar components of the pitch mode 
selector servo. 

Operation of the ganged bank~?at turn switches 81 
(‘81a and 81b of FIG. 7) may be effected by energiza 
tion of a relay coil 292 from an on-o?’ signal appearing 
at receiver output terminal 293. In the absence of a sig 
nal at output 293 the coil 292 is de-energized and the 
switches 81a and ‘8112 are in the bank position illustrated 
in FIG. 7. 
For automatic ?at turn selection on the ground a micro 

switch 294 (FIG. 1) on the landing gear 20 may op 
crate a switch 295 by means of a relay or otherwise. 
Switch 295 when operated and closed may alternatively 
energize relay coil 292 to automatically select ?at turn 
control at touchdown. 
A typical reference servo is illustrated in FIG. 9 as 

having a synchro generator 300 comprising three stator 
coils 301 and a rotor coil 302 energized by a source 
303 which is synchronized with the other A.C. sources 
of the autopilot or may be the same source commonly 
utilized throughout the system. The output of the syn 
chro generator energizes the three stator coils 304 of 
the stator of synchro control transformer or summing de 
vice or comparator 305 which has a rotor coil 306 an 
gularly displaced in accordance with the shaft input 307 
from the instrument 308 which may be any one of the 
meters 160, 170, 180 of FIG. 6 or the motor 226 of 
the heading reference servo. The output of the synchro 
control transformer 305 which is the algebraic sum of 
the shaft input 307 and the electrical input from the 
synchro generator 300 maybe obtained on lead 309. This 
output may be fed through a switch 310 to the input 
of servo ampli?er 311 which drives motor 312. The 
motor 312 drives the tachometer generator 313 as pre 
viously described, the wiper 314 of storage potentiometer 
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315 and the rotor 302 of synchro generator 300. Thus, 
with switch 310 in the position illustrated the output 
signal 309 remains very small and the servo shaft which 
drives rotor coil 302 and wiper 314 rapidly follows the 
input 307. In the other position of switch 310 a signal 
on the wiper 314 remains at a value indicating the in 
put 307 at the time of operation of switch 310. Thus, 
a reference value is stored in potentiometer 315 and fed 
back to the control ‘transformer 305 via synchro gen 
erator 300 (‘which also stores the reference as a displace 
ment of its rotor). The output 309 is then the difference 
‘between the two inputs. In this condition the stored 
reference value may ‘be varied by operation of the three 
position increase-decrease switch 317 which may provide 
an additional ampli?er input of either phase. 

Exemplary Flight 
A brief outline of a typical one of numerous ?ight 

plans which have been made with the autopilot of this 
invention will provide an example of the possible uses 
of the described invention. Such a flight would call for 
either of two remote operators, (1) a ground pilot with 
a complete display of telemetered information and con 
trol of the aircraft through the on-off and proportional 
radio command channels, or (2) an airborne aircraft 
pilot (in ‘a chase plane) also with control of the aircraft 
through the radio command channels. In the latter sit 
uation a third pilot would be required at the controls 
of the pilot’s chase plane. Since most of the performance 
ranges of the aircraft exceed those of the chase plane, 
a ?ight plan requiring continuous chase plane aircraft 
visual contact would be limited in many aspects by the 
chase plane performance. 

Longitudinal control mode 1 (manual pitch angle con 
trol) is selected ‘by the remote pilot, and the pitch angle 
command is held at a preselected constant value. The 
autopilot error signal will rotate the forward trimmers 
to their nose-up limit and the elevons up to commanded 
value. 

Lateral control mode 2 (lateral deviation control) is 
selected. While on the ground the rudder and differen 
tial control of the wheel brakes provide steering control. 
The chase plane is brought into position ?ying a few 

hundred feet above the runway at approximately the 
take-off velocity of the aircraft. While still several thou 
sand feet behind the aircraft, radio command control is 
given to the pilot in the chase plane. 
The pilot advances the throttle to the full thrust po 

sition. 
When the chase plane is at an optimum distance be 

hind the aircraft, the chocks are pulled. 
While the ‘aircraft is accelerating along the runway 

the pilot watches its heading and applies steering correc 
tions through the turn proportional radio command chan 
nel. 

After the rear wheels of the aircraft leave the ground, 
the autopilot switches automatically from ?at turn con 
trol to bank turn control, and the landing gear retrac 
tion sequence is started. The aircraft now is in lateral 
control mode 2 (lateral deviation control) with bank 
turns. 

After the aircraft leaves the ground it continues to 
climb and accelerate. The chase plane pilot maneuvers 
the chase plane into a position somewhat below and 
to the side of the aircraft and with the same forward 
and climbing speeds. 
The pilot allows the climbing and forward speed of 

the aircraft to increase to selected values within the per 
formance capabilities of the chase plane. Then by re 
ducing the throttle, and adjusting the pitch angle as neces 
sary, the aircraft is stabilized at the selected forward 
speed. - 

After the aircraft forward speed has been approxi 
mately stabilized at the selected value, longitudinal con 
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trol is switched to mode 2 (IAS control) or mode 3 
(Mach number control). If necessary, small changes in 
air speed are accomplished by the ?ight instrument in 
crease-decrease radio command. The aircraft is still 
climbing. 
.When the aircraft reaches .a preselected altitude, the 

aircraft pilot throttles back until the rate of climb de 
creases approximately to zero. Then longitudinal con 
tnol is switched to mode 4 (altitude control). 

After switching to mode 4, the aircraft pilot advances 
.the throttle to full and allows the air speed to increase. 
When the aircraft air speed reaches the value selected 
for the cruise-out phase of the ?ight, the throttle is ad 
justed tohold that value. 
Although small changes of heading can be made rap 

idly in lateral control mode 2, large changes are limited 
to low rate of change; consequently, large heading changes 
normally are accomplished in lateral control mode 11 
(bank-angle control) . 
necessary, and is ?ying straight and level on approxi 

After the aircraft is turned as 

mately the desired heading, the aircraft pilot switches lat 
eral control to mode 3 (hold heading control). If neces 
sary, small heading adjustments are made through the 
.heading increase-decrease radio command. 

Turns are made by switching lateral control to mode 1 
(manual control), in the manner used during cruise-out 
while in longitudinal mode 4 (altitude control). 

While in a turn the throttle can be left at the same 
setting as required for the desired speed in straight and 

Although the increase in drag during the 
turn will cause the aircraft to decelerate, it will return to 
the original speed when again in straight and level ?ight. 
Longitudinal control mode 4 (altitude control) prevents 
the loss of altitude in the turn, except for small transient 
deviations. 

After the turn around is completed, lateral control is 
switched back to mode 3 (hold heading control) for 
cruise-back. 
The aircraft is decelerated to the air speed desired for 

‘the landing approach by decreasing the throttle setting. 
At the appropriate time the aircraft pilot changes the 

‘aircraft heading by switching lateral control to mode 1 
(manual control), in the manner used during cruise-out, 
to line up with thelanding runway. 
The approach is started at a precalculated point from 

the runway which is either indicated by ground radar and 
called to the aircraft pilot or noted by the ‘aircraft pilot 
through the use of natural landmarks. At this point 
longitudinal control is switched to mode 5 (vertical devia 
tion control). This mode provides manual pitch angle 
control (as in mode 1), and IAS deviation from the initial 
value (at the instant of switching) is telemetered to the 
‘ground control station from TP-l. 
The landing gear is extended and the correct rate of 

descent is maintained by pitch angle adjustment. The 
glide angle, as determined by aircraft and chase plane 
capabilities, is monitored by the ground radar with the 
ground control station calling out noted deviations to the 
aircraft pilot or sending appropriate control signals di 
rectly to the aircraft. In addition, the aircraft pilot may 
use the chase plane’s rate-of-climb meter and line-of-sight 
navigation to bring the aircraft down. 
The correct air speed ‘is maintained by throttle adjust 

ment. The ground control station calls out air speed 
deviations to the aircraft pilot. As an additional aid, the 
chase plane is maintained at the desired air speed to make 
aircraft speed deviations more apparent to the aircraft 
ilot. 

p The aircraft pilot switches to lateral control mode 2 
(lateral deviation control) for use throughout approach 
and landing. 
Near the end of the approach the aircraft pilot arms the 

?are computer by switching longitudinal control to mode 
6 (landing ?are). The autopilot continues to operate as 
in mode 5 until the flare computer begins the ?are. 
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18 
At a preset altitude the ?are computer automatically 

assumes control of the ‘aircraft pitch angle, and gradually 
reduces the aircraft sinking speed as its altitude decreases. 
‘The autopilot provides immediate manual over-ride 
through the pitch proportional radio command channel 
for use in an extreme emergency. 
The throttle is cut by the aircraft pilot to a setting 

which provides a predetermined value of average thrust 
during the ?are. 
At rear wheel touchdown, the throttle is cut to idle, the 

autopilot is switched from bank turn to ?at turn lateral 
control, and the autopilot controls the forward trimmers 
to lower the nose. These switching functions are actuated 
automatically bythe rear wheel switches. ' 
When the nose wheel is on the runway a switch not 

shown closes automatically to release a drag chute for 
deceleration if necessary. 

Rudder de?ection and differential braking are used for 
steering corrections, as during the take-off ground run. 
Control of the aircraft is transferred from the aircraft pilot 
to the ground pilot. 

It Will be seen that the described autopilot in a single 
system provides a number of different ?ight plans and 
different types of ?ight operation by a unique combina 
tion of a number of selectable control modes. The con 
trol exercised in each particular mode, longitudinal and 
lateral, is of a nature such as to particularly lend itself to 
control in combination with any of the other selected 
modes, lateral or longitudinal. Moreover, each of the 
alternatively selectable modes is particularly arranged to 
be compatible with alternative control in each of the other 
modes by virtue of the provision of a simpli?ed and basic 
control nucleus upon which any one of the selected auto 
matic modes may be superimposed. 

Although this invention has been described and illus 
trated in’ detail, it is to be clearly understood that the same 
is by way of illustration “and example only and is not to 
‘be taken by way of limitation, the spirit and scope of this 
invention being limited only by the terms of the appended 
claims. " 

We claim: 
1. In combination with an aircraft having control sur 

faces, stabilizing means on said aircraft for‘ generating 
stabilizing rate signals, ?ight instrument deviation means 
for generating a plurality of parameter signals each indic 
ative of the deviation of a measured flight parameter 
from a selected value thereof, means for generating a 
manual control signal indicative of a desired aircraft at 
titude, means for selecting one of said parameter andcon 
trol signals, mixing means for algebraically combining 
said selected signal with said stabilizing signals, actua 
tor means responsive to said combining means for operat 
ing said’ surfaces, and means operable during the selec 
tion of one of said parameter signals for providing a 
momentary connection of said manual control signal to 
said mixing means whereby a temporary overriding of 
said one selected parameter signal may be achieved. 

2. Control apparatus for an aircraft having main and 
auxiliary pitch control surfaces, gyroscopic means for gen 
erating rate signals indicative of the pitching rate of said 
aircraft, ?ight instrument deviation means for generating 
a plurality of parameter signals each indicative of the 
deviation of a measured ?ight parameter from a selected 
value thereof, space path guidance'means for generating 
a guidance signal indicative of a desired aircraft pitch 
attitudepmeans for selecting one of said parameter and 
guidance signals, mixing means for algebraically combin 
ing said selected signal with said rate signals, actuator 
means responsive to said combining means .for displac 
ing said main surface in accordance with said combined 
signals, means for integrating said combined signals, and 
actuator means responsive to said integrated signals for 
displacing said auxiliary surface. 

3. In combination with an aircraft having pitch con 
trol surfaces, gyroscopic means for generating pitch rate 
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signals, velocity deviation means for generating ‘a velocity 
error control signal indicative of the difference between 
speed of said aircraft and a selected reference signal, 
altitude deviation means for generating an altitude error 
control signal indicative of the difference between altitude 
of said aircraft and a selected reference signal, means for 
selectively varying at least one of said selected reference 
signals, means for generating a pitch control signal, mode 
selector means for selecting one of said control signals, 
pitch mixing means for algebraically combining said se 
lected signal with said pitch rate signals, actuator means 
responsive to said mixing means for ‘operating said pitch 
surface, and means operable during selection of one of 
said error signals for providing a momentary connection 
of said pitch control signal to said mixing means. 

4. The apparatus of claim 3 wherein at least one of 
said deviation means comprises a ?ight condition sensing 
instrument, a follow-up servo having an input, summing 
means having inputs from said instrument and follow-up 
servo for providing an error output indicative of the 
algebraic sum of the inputs thereto, said mode selector 
means comprising a multi-position switch for alternatively 
coupling and decoupling said error output to said follow 
up servo input, said error output providing the error con 
trol signal generated by said one deviation means, said 
selective varying means comprising a source of potential 
and a switch operable to couple or decouple said follow-up 
servo input to either side ‘of said source. 

5. In combination with an aircraft having roll and yaw 
control surfaces, gyroscopic means for ‘generating roll 
and yaw rate signals, heading deviation means for gener 
ating a ?rst heading control signal indicative of the dif 
ference between the heading of said aircraft and a se 
lected heading reference signal, means for selectively vary 
ing said heading reference signal, said heading deviation 
means including means for generating a second heading 
control signal indicative of the combination of selected 
heading deviation and a selected rate of change of head 
ing deviation, means for generating a turn control signal, 
mode selector means for alternatively selecting said turn 
signal, said ?rst heading control signal or both said turn 
signal and said second heading control signal, roll and 
yaw mixing means having inputs receiving said roll and 
yaw rate signals, turn mode selector means for alterna 
tively transmitting to either said roll or yaw mixing means 
the signal selected by said mode selector means, and roll 
and yaw actuator means respectively responsive to said 
roll and yaw mixing means for actuating said roll and 
yaw control surfaces respectively. 

6. In combination with an aircraft having roll and yaw 
control surfaces, gyroscopic means for generating roll 
and yaw rate signals, heading deviation means for gen 
erating a heading control signal indicative of the differ 
ence ‘between the heading of said aircraft and a selected 
heading reference signal, means for selectively varying 
said heading reference signal, means for generating ‘a turn 
control signal, mode selector means for alternatively se 
lecting said turn signal or said heading control signal, 
roll and yaw mixing means having inputs receiving said 
roll and yaw rate signals, turn mode selector means for 
alternatively transmitting to either said roll or yaw mix 
ing means the signal selected by said selector means, and 
roll and yaw actuator means respectively responsive to 
said roll and yaw mixing means for ‘actuating said roll 
and yaw control surfaces respectively. 

7. In combination with an aircraft having aerodynamic 
control surfaces, gyroscopic stabilizing means on said 
aircraft for generating position and rate signals indicative 
of orientation of said aircraft and rate of change thereof, 
?ight condition means for generating control signals indic 
ative of deviation of said aircraft from a predetermined 
?ight condition, means for combining said position, rate 
and control signals, ‘and actuator means responsive to 
said combined signals for operating said surfaces, said 
flight condition means comprising a flight condition sens 
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ing instrument, a follow-up servo having an input, sum 
ming means having inputs from said instrument and 
follow-up servo for providing an error output indicative 
of the algebraic sum of the inputs thereto, a multi-position 
switch for alternatively coupling and decoupling said error 
output to said follow-up servo input, said error output 
providing said control signals, and reference condition 
varying means comprising a source of potential and a 
switch operable to couple ‘or decouple said follow-up 
servo input to either side of said source. 

8. In combination with an aircraft having a yaw control 
surface and a pair of pitch-roll control surfaces equally 
operable for pitch control and differentially operable for 
roll control, gyroscopic means for generating pitch, roll 
and yaw rate signals, ?ight parameter deviation means for 
generating a parameter error control signal indicative of 
the difference between the instantaneous value of a flight 
parameter and a selected reference signal, means for se 
lectively varying said selected reference signal, means for 
generating a pitch control signal, mode selector means for 
selecting one of said control signals, pitch mixing means 
for algebraically combining said selected control signal 
with said pitch rate signals, pitch-roll actuator means re 
sponsive to said mixing means for equally operating said 
pitch-roll surfaces in unison, heading deviation means for 
generating a heading control signal indicative of the dif 
ference between the heading of said aircraft and a selected 
heading reference signal, means for selectively varying 
said heading reference signal, means for generating a turn 
control signal, lateral mode selector means for alterna 
tively selecting said turn signal ‘and said heading control 
signal, roll and yaw mixing means having inputs receiving 
said roll and yaw rate signals, turn mode selector means 
for alternatively transmitting to either said roll or yaw 
mixing means the signal selected by said lateral mode 
selector means, yaw actuator means responsive to said 
yaw mixing means for actuating said yaw control surfaces 
and means coupled with said roll mixing means for dif 
ferentially transmitting the output of said roll mixing 
means to said pitch-roll actuator means. 

9. Control apparatus for an aircraft having a yaw con 
trol surface and a pair of pitch-roll control surfaces 
equally operable for pitch control and differentially op 
erable for roll control, said apparatus comprising gyro— 
scopic means for generating stabilizing pitch, roll and yaw 
position and rate signals, indicated air speed deviation 
means for generating an air speed error control signal 
indicative of the difference between indicated air speed 
of said aircraft and a selected reference signal, Mach 
number deviation means for generating a Mach error 
control signal indicative of the difference between Mach 
number of said aircraft and a selected reference signal, 
altitude deviation means for generating an altitude error 
control signal indicative of the difference between altitude 
of said aircraft and a selected reference signal, means for 
selectively varying each of said selected reference signals, 
means for generating a pitch control signal, means for 
generating a landing ?are control signal, means for gen 
erating a landing control signal, mode selector means for 
alternatively selecting one of said control signals, pitch 
mixing means for algebraically combining said selected 
control signal with said pitch rate and position signals, 
pitch-roll actuator means responsive to said mixing means 
for equally operating said pitch~roll surfaces in unison, 
heading vdeviation means for generating a ?rst heading 
control signal indicative of the difference between the 
heading of said aircraft and a selected heading reference 
signal, means for selectively varying said heading refer 
ence signal, said heading deviation means including means 
for generating a second heading control signal indicative 
of the combination of selected heading deviation and a 
selected rate of change of heading ‘deviation, means for 
generating a turn control signal, lateral mode selector 
means for alternatively selecting said turn signal, said 
?rst heading control signal or both said turn signal and 
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said second heading control signal, roll and yaw mixing 
means having inputs receiving said roll and yaw position 
and rate signals, turn mode selector means for alterna 
tively transmitting to either said roll or yaw mixing means 
the signal selected by said lateral mode selector means, 
yaw actuator means responsive to said yaw mixing means 
for actuating said yaw control surfaces and means cou 
pled with said roll mixing means for differentially trans~ 
mitting the output of said roll mixing means to said pitch 
roll actuator means. 

10. The apparatus of claim 9'wl1erein at least ‘one of 
said deviation means comprises a ?ight condition sensing 
instrument, a follow-up servo having an input, summing 
means having inputs from said instrument and ‘follow-up 
servo for providing an error output indicative of the alge 
braic sum of the inputs thereto, said mode selector 
means comprising a rnLtlti-position switch for al 
ternatively coupling and decoupling said error output 
to said yfollow-up servo input, said error output providing 
the control signal generated by said one deviation means, 
said selected reference signal varying means comprising 
a source of potential and a switch operable to couple or 
decouple said follow-up .servo input to either side of 
said source. 

11. Control apparatus for an aircraft having roll and 
yaw control surfaces, comprising means for generating 
turn control signals, a roll ampli?er, .a yaw ampli?er, 
means for generating and respectively ‘feeding roll and 
yaw rate signals to said ampli?ers, switch means for al 
ternatively feeding said turn control signals _to said roll 
amplifier or said yaw‘ampli?en'and means responsive to 
said ampli?ers for respectively actuating said roll and 
yaw control surfaces. 

12. Control apparatus for an aircraft having landing 
gear and roll and yaw and pitch control surfaces, com 
prising means for generating turn control signals, a roll 
ampli?er, a yaw ampli?er, means for generating and re 
spectively feeding roll and yaw rate signals to said am 
pli?er, switch means for alternatively feeding said turn 
control signals to said roll ampli?er or said yaw ampli?er, 
means actuated by said landing gear for operating said 
switch to feed said control signals to said yaw ampli?er 
while the aircraft is on the ground and to said roll am 
pli?er ‘while the aircraft is in ?ight, means responsive to 
said ampli?ers for respectively actuating said roll and yaw 
control surfaces, a pitch ampli?er, means responsive to 
said pitch ampli?er for actuating said pitch surface, means 
responsive to said landing gear for feeding a pitch-down 
signal to said pitch ampli?er to effect downward pitching 
of said aircraft upon landing, and means for disabling said 
last-mentioned means during take-off. 

13. A system for operating a control mechanism of an 
aircraft to control the aircraft in accordance with a se 
lected ?ight condition comprising a ?ight instrument for 
generating a condition signal indicative of said ?ight con 
dition, a storage device for storing a signal indicative 
of the instantaneous input thereto, an algebraic summing 
device connected to receive said condition signal and 
said stored signal and provide an output indicative of the 
algebraic sum thereof, an actuator for operating said con 
trol mechanism, switch means for alternatively coupling 
said output of said summing device to said storage de 
vice as an input thereto or to said actuator, and selectively 
operable reference value control means providing an 
additional input to said storage device for selectively 
varying the value of the signal stored therein. 

14. A system for operating a pitch control surface of 
an aircraft to control the attitude of the aircraft about 
the pitch axis thereof in accordance with a selected value 
of a selected flight condition comprising ?rst and second 
flight instruments for generating condition signals in 
dicative of ?rst ‘and second ?ight conditions respectively, 
?rst and second storage means for respectively storing 
?rst and second signals indicative of the instantaneous in 
puts thereto, ?rst and second algebraic summing devices, 
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said ?rst device connected to receive said ?rst condition 
signal and said ?rst stored signal and provide an output 
indicative of the algebraic sum of the inputs thereto, said 
second device connected to receive said second condition 
signal and said second stored sign-a1 and provide an out 
put indicative of the algebraic sum of the input thereto, 
an actuator for operating said control surface, ?rst switch 
means for alternatively coupling said output of said ?rst 
summing device to said ?rst storage means or to said 
actuator, second switch means for alternatively couplingv 
said output of said second summing device to said second 
storage means or to said actuator, a source of potential, 
and a selectively operable switch for coupling either side 
of said source to said storage means as an additional in— 
put thereto for selectively varying the value of the signal 
stored therein. 

15. A system for operating a control mechanism of an 
aircraft to control ‘a ?ight condition of an aircraft in 
accordance with a selected value of said condition com 
prising a ?ight instrument for generating a condition 
signal indicative of the instantaneous value of said ?ight 
condition of said aircraft, ‘a storage device for storing the 
value of the inputs thereto, a summing device for 
algebraically combining said condition signal with said 
stored signal, means responsive to the output of said surn 
ming device for operating said control mechanism, switch 
means for alternatively coupling said summing device out 
put to said storage device input or to said mechanism 
operating means, and means ‘for providing a selectively 
variable input to said storage device, whereby said stor 
age device Will storethe value of said condition signal 
at the instant of switching of said summing device out 
put ‘and said condition signal may the compared with said 
stored value or a controlled variation thereof. 

16. Control apparatus for an ‘aircraft having a pitch 
control surface, comprising a pitch command servo in 
cluding ‘a modulator for receiving ‘at an input thereof a 
DC. pitch command signal and providing at an output 
thereof an AC. command signal in ‘accordance with said 
D.C. signal, a servo ampli?er having an input connected 
‘with said modulator output and having an output, a 
motor connected to be driven by said amplifier output, a 
potentiometer connected to be driven by said motor, and 
a feedback connection from said potentiometer to said 
modulator input; a load limiter servo having an input 
connected with said potentiometer Kand having a second 
input and an output; a synchro control transformer hav 
ing a ?rst input connected with said load limiter servo 
output and having a second input and an output; a pitch 
angle gyro having an output connected with said synchro 
control transformer second input; a pitch control surface 
actuator servo having an input connected with said 
synchro control transformer output; a ?ight condition 
reference servo comprising a ?ight instrument, a second 
synchro control transformer having an input connected 
With said instrument and having a second input and an 
output, an instrument [ampli?er having an output and 
?rst and second inputs, a second motor connected to be 
driven by said instrument ampli?er output, a synchro gen 
erator connected to be driven by said second motor, a 
connection between said synchro generator and said sec 
ond input of said second synchro control transformer, a 
reference servo output terminal, and a switch alternatively 
connecting said second synchro control transformer output 
to said output terminal or to said instrument ampli?er 
?rst input; a source of potential having ?rst and second 
outputs of mutually opposite phase; a second switch for 
alternatively coupling said instrument lampli?er second in 
put to said ?rst or second source outputs; and a connection 
between said reference servo output terminal and said 
load limiter servo second input. 

17. Control mechanism for an aircraft having a pitch 
control surface, comprising a source of pitch command 
signal, an actuator for operating said control surface, 
eapacitative means for coupling said source to said actu 
ator, instrument servo means for generating an error sig 
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nal indicative of the deviation of an aircraft ?ight condi 
tion from a selected value thereof, switch means selec 
tively operable to couple or decouple said servo means to 
and from said actuator, a second switch connected across 
said capacitative coupling means, and means for operat 
ing said switches together so as to shunt said capacitative 
coupling means when said servo means is decoupled from 
said actuator and to open said second switch when said 
servo means is coupled to said actuator. 

18. Apparatus for operating the control mechanism of 
an aircraft, comprising an actuator for operating said 
mechanism, a ?rst source of control signal, a second 
source of control signal, ?rst means for selectively cou 
pling and decoupling said ?rst source to said actuator, 
second means for selectively decoupling and coupling said 
second source to said actuator, selector means for operat 
ing said ?rst and second coupling means together so that 
said second source is decoupled from said actuator while 
said ?rst source is coupled thereto, and means for tem 
porarily transmitting a signal from said second source to 
said actuator so that said signal from said second source 
will be momentarily coupled to said actuator while a 
signal from said ?rst source is coupled to said actuator. 

19. A system for operating a control mechanism on 
aircraft to control a ?ight condition of an aircraft com 
prising »a ?ight instrument for generating a condition signal 
indicative of the instantaneous value of said ?ight condi 
tion of said aircraft, a storage device ‘for storing the value 
of the input thereto, a summing device for algebraically 
combining said condition signal with said stored signal, 
means for operating said control mechanism, switch means 
for alternatively coupling said summing device output to 
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said storage device input or to said mechanism operating 
means, a source of control signal, a capacitor coupled 
{between said control signal source and said mechanism 
operating means, switch means connected in shunt across 
:said capacitor, and means for simultaneously operating 
both said switch means so as to disable the shunting of 
said capacitor when said summing device output is cou 
pled to said mechanism operating means. 

20. A system for operating a control mechanism of an 
aircraft to control heading of the aircraft comprising a 
‘directional gyro for generating a condition signal indica 
tive of the instantaneous value of heading of said aircraft, 
a servo having an input and an output, a summing device 
for algebraically combining said condition signal with said 
servo output, means for alternatively coupling relatively 
large or relatively small fractions of said summing device 
output to said servo input, a source of control signal, and 
means responsive to both said control signal source and 
said summing device for operating said control mechanism. 
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